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Falls have serious consequences for quality of life (QOL) and contribute substantially to the global 
burden of disease. Home care is an important arena to address falls prevention and QOL, but this 
vulnerable group of older adults is underrepresented in health research. This study explores the 
effects of a falls prevention exercise programme on health-related quality of life (HRQOL), physical 
function and falls efficacy in older fallers receiving home care.  
Methods: 
The study design is a parallel-group randomised controlled trial. The intervention group performed a 
falls prevention programme based on the Otago Exercise Programme (OEP). The control group 
received usual care. 155 participants were recruited from primary health care in six Norwegian 
municipalities. Local physiotherapists supervised the programme. The primary outcome, HRQOL, was 
measured with the Short Form 36 Health Survey (SF-36). Secondary outcomes were Bergs Balance 
Scale (BBS), Sit to Stand (STS), 4-meter Walk Test, Instrumental Activities of Daily Living, and Falls 
Efficacy Scale International.  
Results: 
Intention-to-treat analysis showed that, compared to the control group, the intervention group 
improved on SF-36’s Physical Component Summary as well as BBS. However, the intervention group 
also demonstrated a decline in the Mental Health subscale of SF-36. Per protocol analyses showed 
significant improvements in all physical subscales of SF-36, STS and BBS scores in the intervention 
group compared with the control group. 
Conclusion:  
A falls prevention exercise programme based on OEP significantly improved physical HRQOL and 
balance in older adults receiving home care. 
Key points 
 One of the first studies to explore the effect of a falls prevention programme on HRQOL in 
older fallers receiving home care 
 Home care recipients with falls have low HRQOL, poor physical function and high fear of 
falling 
 A falls prevention exercise intervention can improve physical HRQOL and balance in frailer 
older people 
 The effect of the falls prevention exercise programme increases, if exercises are performed 
as prescribed 
 Future research should explore how falls efficacy can be improved by falls prevention 
interventions 
Trial registration: ClinicalTrials.gov. NCT02374307. First registration, 16/02/2015. 
Keywords: health-related quality of life, falls prevention, exercise interventions, home care, balance  
Introduction 
Falls contribute considerably to the global burden of disease [1]. About 30% of the population of 
older adults above 65 years experience a fall once a year [2]. Falls have immediate and long-term 
consequences, both for fallers and their families’ quality of life (QOL) and economically for the health 
care system [3]. Even without injury, falls often cause loss of mobility, confidence and functional 
independence [4].  
Home care is an important arena to address falls prevention interventions for older adults [3]. It is 
defined as interdisciplinary care provided by health professionals to people in their own homes and 
covers services like home nursing, practical assistance and safety alarm [5]. In Norway, the 
community health services are responsible for the delivery. Referrals are typically made by health 
professionals. Compared with the general population of older adults, those receiving home care have 
a higher incidence of falls and a lower level of falls efficacy leading to activity restriction [6]. Other 
characteristics of this group are medically instability, poor physical function, low level of health-
related quality of life (HRQOL) and a need for assistance with activities of daily living (ADL) [7], which 
are similar characteristics that are associated with an increased risk of falling [6, 8]. 
Home care aims to preserve and increase functional ability, improving QOL and maintaining 
independence, and making it possible for the person to remain at home [9]. Although ensuring QOL 
is important in home care, this group is often neglected in health research, particularly in falls 
prevention [9]. Nevertheless, studies including home care recipients, have found positive effects on 
QOL [10], Instrumental ADL and walking time [11] following multifactorial interventions 
incorporating exercise. In the general population of older adults, studies measuring QOL following 
falls prevention programmes have shown some positive results, although the methods of 
intervention have varied [12]. Exercise as a single intervention, challenging balance, is effective in 
reducing falls in this population [2]. A well-known exercise intervention, the Otago Exercise 
Programme (OEP), reduces falls, improves strength and balance, and maintains confidence in 
carrying out everyday activities without falling [13].  
The literature on falls prevention in the community-dwelling population of older adults is large [2], 
but research on the more vulnerable group of older home care recipients is lacking [12, 14]. This is an 
important group where secondary preventative actions can be carried out [9]. The objective of this 
study is to examine the effects of a falls prevention exercise programme on HRQOL, physical function 




The study was designed as a parallel-group randomised controlled trial. An intervention group 
performed a falls prevention exercise programme and a control group carried on with activities as 
usual. Group allocation was at a 1:1 ratio. A study protocol provides more details [14]. Reporting 
follows the CONSORT 2010 Statement [15].  
Setting and participants  
Participants were recruited in six municipalities in Eastern Norway. Recruitment was based on home 
care registers. Assessments and interventions were carried out in the participants’ homes.  
Inclusion criteria: 67+ years (retirement age), receiving home care, having experienced at least one 
fall during the last twelve months, able to walk with or without a walking aid and understand 
Norwegian.  
Exclusion criteria: medical contraindications to exercise, life expectancy below one year, a score 
below 23 on the Mini-Mental State Examination (MMSE) indicating cognitive impairment, and 
currently participating in other falls prevention programmes or trials.  
Intervention 
The intervention was a home-based falls prevention exercise programme based on the OEP lasting 12 
weeks. The participants received five home visits by a local physiotherapist. They performed 
individually adjusted exercises for strengthening and balance [13]. The physiotherapist gave 
information about fall risks, exercise safety, activities in daily life and encouraged adherence. If 
necessary, the participants received up to four additional home visits. In weeks without home visits, 
participants received motivational phone calls. Participants were encouraged to carry out exercise on 
their own at least three times weekly for 30 minutes and walk up to 30 minutes at least two times 
weekly if safe. Adjustable ankle cuffs and an exercise booklet were distributed. The participants were 
advised to complete an exercise diary.  
The control group received usual care. If an assessment detected a condition that required follow-up 
by the community health services, e.g. malnutrition, a referral was made to the nurse responsible. 
Outcome measures 
Assessments were carried out at baseline and following the intervention at three months. Trained 
research assistants, blinded to the participants’ group allocation, performed the assessments.  
At baseline global cognitive function was assessed by the Mini-Mental Statement Examination 
(MMSE) [16]. Demographic and background variables like sex, age, falls history and medications were 
also collected. To monitor safety, adverse events like falls, cardiovascular events or musculoskeletal 
injuries when performing exercises were reported by the participants and the physiotherapists in a 
diary. 
Primary outcome measure 
HRQOL was measured using the Short Form 36 Health Survey (SF-36) which is validated in Norwegian 
[17]. The SF-36 summary score is comprised of a physical component summary (PCS) and a mental 
component summary (MCS), based on subscores from eight domains: physical functioning (PF), role 
limitations due to physical problems (RP) and due to emotional problems (RE), bodily pain (BP), 
general health perception (GH), vitality (VT), social functioning (SF) and mental health (MH). The 
scores range from 0-100 (worst-best).   
Secondary outcome measures 
To assess physical function measures of balance, leg muscle strength, preferable gait speed and 
instrumental activities of daily living were included. Static and dynamic balance were measured by 
Bergs Balance Scale (BBS) [18], lower extremity muscle strength by the 30 seconds sit to stand test 
(STS) [19], gait speed by 4 meters usual walking speed (4MWT) [20] and IADL by the Lawton IADL 
scale [21].  
Fear of falling was assessed by Falls Efficacy Scale International (FES-I) measuring fear when 
performing 16 daily activities [22].  
  
Sample size 
Sample size was estimated to 150 participants. Anticipated drop-out was 15-20%, based on similar 
studies [23]. Power was set to β=0.8 and the level significance to α=0.05 to detect a difference of 5 
points with a standard deviation of 10 points on the SF-36 summary scales.  
Randomisation 
A computer-generated permuted block randomisation scheme was employed. Each block contained 
six subjects of the same sex and municipality. After baseline testing performed by research 
assistants, the scheme allocated participants according to the sequence of enrolment by a key 
number concealing the randomisation sequence. MB administered the scheme. 
Statistical methods 
The statistical analysis was performed using STATA/SE 14.1. Differences between baseline and 
follow-up were analysed using linear mixed models according to the intention-to-treat (ITT) principle. 
Missing values were substituted by multiple imputation using a predictive mean matching model 
with arm, age and sex and baseline values of the imputed variable as predictors.    
Additional per-protocol analyses were performed exploring the effect of adherence. Linear 
regressions (OLS) on adherence to the exercise programme in the intervention group were fitted. A 
propensity-score matching model was also applied matching participants who performed exercise as 
prescribed with similar participants in the control group. Matching was performed on baseline scores 
and sex with one match per observation. 
Floor- and ceiling effects were considered when more than 20% of the participants achieved the 
lowest or highest possible score.  
 
Results 
Flow of participants 
Screening (February 2016-February 2017) identified 320 older adults with falls and 167 consented to 
baseline testing, of whom 155 met the inclusion criteria. Recruitment stopped when the sample size 
target was reached. 77 participants were allocated to the intervention group and 78 to the control 
group. Eight participants in the intervention group and nine participants in the control group were 
lost to follow-up. A flow diagram provides more details (Appendix 1). No falls or other serious 
incidences were reported when exercising. Three participants reported musculoskeletal 
pain/discomfort after using the ankle cuffs.  
Participant characteristics  
Sample characteristics are presented in table 1. At baseline all differences between the groups or 
between the drop-outs and the rest of the sample were not statistically significant.  
Mean age was 82.7 years with 79.3% women and a mean number of falls of 2.7. On SF-36, PCS was 
38.3. The physical subscales scores ranged from 38.3 to 57.6. MCS was 49.4. The mental subscales 
ranged from 66.9 to 75.80. Secondary outcomes, showed a mean STS value of 5.1, a mean 4MWT of 
0.62 m/sec and a mean BBS score of 39.1. The participants had a mean FES-I score of 30.7.  
Table 1: Baseline characteristics. Descriptive statistics of the sample at baseline.  






Characteristics    
Age, mean (SD) 82.7 (6.7) 83.1 (6.7) 82.2 (6.7) 
Sex, males, % 20.7 20.8 20.5 
Living alone, % 84.5 83.1 85.9 
Higher education (>12 years), % 36.1 32.5 39.7 
No. of medications weekly, mean (SD) 5.3 (3.4) 5.1 (3.7) 5.4 (3.2) 
Primary health care services    
Practical assistance, % 69.7 64.9 74.4 
Nursing, % 30.3 26.0 34.6 
Safety alarm service, % 75.5 79.2 71.8 
Walking aid % 73.6 77.9 69.2 
Falls the last 12 months    
No., mean (SD) 2.7 (3.7) 2.5 (3.3) 2.9 (4.0) 
Injuries from falls: 
Minor injuries % 










Mini-Mental State Examination    
MMSE, mean (SD) 27.4 (2.2) 27.4 (2.2) 27.4 (2.2) 
Falls Efficacy     
FES-I, mean (SD) 30.7 (9.8) 30.2 (10.1) 31.1 (9.6) 
Physical function    
IADL, Lawton and Brody. >6, % 56.1 54.6 57.7 
Sit to stand, mean (SD) 5.1 (4.1) 5.5 (3.8) 4.7 (4.4) 
4-meter walk test m/sec, mean (SD) 0.62 (0.21) 0.61 (0.18) 0.63 (0.24) 
Berg Balance Scale, mean (SD) 39.1 (11.3) 39.1 (11.1) 39.1 (11.6) 
Mini Nutritional Assessment    
Risk of or malnourished % 24.5 26.0 23.1 
Health-related quality of life  
SF-36 scores, mean (SD) 
   
Physical function 44.6 (23.1) 44.6 (21.9) 44.7 (24.4) 
Role physical 51.7 (29.7) 53.2 (30.1) 50.2 (29.4) 
Body pain 53.8 (32.2) 53.8 (28.9) 53.8 (35.2) 
General health 57.6 (23.3) 58.8 (22.7) 56.5 (23.9) 
Vitality 38.3 (21.5) 39.0 (21.7) 37.5 (21.3) 
Social function 66.9 (31.2) 67.7 (29.1) 66.0 (33.2) 
Role emotional 75.8 (28.5) 78.0 (27.7) 73.6 (29.3) 
Mental health 72.1 (17.4) 74.0 (16.8) 70.1 (17.8) 
Physical component summary 38.3 (9.0) 38.2 (9.0) 38.4 (9.1) 
Mental component summary 49.4 (10.3) 50.4 (9.9) 48.4 (10.6) 
 
SD, Standard deviation; N, number of individuals; MMSE, Mini-Mental State Examination; FES-I, Falls 
Efficacy Scale International; IADL, Instrumental Activities of Daily Living; STS, Sit to stand; 4MWT, 4-
meter walk test; BBS, Bergs Balance Scale; MNA, Mini Nutritional Assessment; SF-36, 36-Item Short 
Form Survey  
Intention-to-treat analysis 
Table 2 presents the ITT analysis. After three months, both groups improved substantially on the 
mental components of SF-36. MCS was 3.8 points (p<0.001) higher at follow-up. Compared to the 
controls, the intervention group had generally higher scores at the physical components at follow-up. 
The estimated intervention effect on PCS was 4.0 (p<0.001). The MH subscore declined relatively by 
6.7 points (p=0.009).  
The results on BP should be interpreted with caution as 20.6% in both groups reached the maximum 
value of 100 after intervention. This ceiling effect occurred also in SF and RE after intervention. 
On the secondary outcomes, both groups improved on STS, 4MWT and BBS at follow-up. The only 
significant intervention effect was found on BBS, where a relatively higher score of 2.4 points 
(p=0.047) was achieved. BBS mediated some of the intervention effect (Appendix 2). 
 
Table 2: Intention to treat analysis. Coefficients from linear mixed models including indicator 
variables for arm, follow-up and interaction of these. The arm coefficient measures the difference at 
baseline. The follow-up coefficient measures the general improvement in both groups over time and 
the interaction term captures the additional improvement at follow-up of being treated. Standard 













SF-36 scores, mean diff. (SE)       
Physical function -0.1 (3.9)  2.7 (2.3)  5.2 (3.2) 
Role physical  3.1 (4.9)  7.4 (4.2)  4.0 (5.9) 
Bodily pain  0.0 (5.1) -2.9 (2.7)  8.0* (3.9) 
General health  2.3 (3.8)  1.4 (2.1)  2.6  (2.9) 
Vitality  1.5 (3.6)  0.3 (2.2)  1.8  (3.1) 
Social function  1.7 (4.7) 10.0** (3.7)  5.0 (5.1) 
Role emotional  4.4 (4.3) 11.0** (3.5) -5.8 (5.0) 
Mental health  3.9 (3.0)  4.6* (1.8) -6.7** (2.6) 
Physical component summary -0.1 (1.6) -0.3 (0.9)  4.0*** (1.2) 
Mental component summary  2.0 (1.7)  3.8*** (1.1) -3.1 (1.6) 
Physical measures, mean diff. (SE)       
FES-I -0.9 (1.5) -2.3 (1.2)  0.6 (1.7) 
Sit to stand  0.8 (0.7)  0.8* (0.4)  0.4 (0.6) 
4-meter walk test m/sec -0.02 (0.04)  0.06** (0.02) -0.00 (0.03) 
Berg Balance Scale  0.1 (1.8)  3.1*** (0.8)  2.4* (1.2) 
* p<0.05, ** p<0.01, *** p<0.001  
Per protocol analyses 
Table 3 reports two per protocol analyses with respect to adherence to the exercise programme. 
Fifty (73.5%) of the participants performed the programme as prescribed, which is defined as 
receiving home visits, telephone follow-ups and completing independent exercise according to OEP. 
In the intervention group, 18 (26.5%) of the participants could not complete the OEP as prescribed 
due to hospitalisation, sudden disease or loss of spouse. The regression analysis showed that those 
performing less exercise score considerably lower compared to those performing exercise as 
prescribed. In particular, MH was substantially lower (-12.4, p=0.001). Among those who performed 
exercise as prescribed, a significant improvement was found in PCS (5.8, p<0.001), PF (10.0, p=0.004), 
BP (12.3, p=0.005), and BBS (3.3, p=0.01).  
The propensity score models, where those performing exercise as prescribed (N=50) were fitted with 
participants in the control group (N=68), showed that exercising as prescribed, or more, significantly 
improved PCS (6.3, p<0.001), PF (9.7, p=0.02), RP (10.6, p=0.04), GH (7.6, p=0.02) and VT (8.2, 
p=0.02). On the secondary outcomes, STS improved by 1.4 (p=0.02) and BBS by 4.3 (p<0.001). 
 
Table 3: Per protocol analyses. Linear regressions (OLS) on adherence to the exercise programme in 
the intervention group, compared to outcomes in the control group. Propensity-score matching of 














SF-36 scores, mean diff. (SE)       
Physical function  -8.7 (4.8) 10.0** (3.4)  9.7* (4.0) 
Role physical  -4.7 (9.5)  7.2 (6.6) 10.6* (5.1) 
Bodily pain  -3.5 (6.1) 12.3** (4.3) 13.0*** (3.7) 
General health  -7.5 (4.5)  5.8 (3.1)  7.6* (3.3) 
Vitality  -8.2 (4.8)  5.6 (3.4)  8.2* (3.5) 
Social function   4.1 (8.0)  3.5 (5.6)  3.0 (4.5) 
Role emotional  -3.6 (7.8) -5.2 (5.5) -0.7 (3.9) 
Mental health -12.4** (3.8) -4.8 (2.7) -3.2 (2.7) 
Physical component summary  -1.8 (1.7)  5.8*** (1.2)  6.3*** (1.6) 
Mental component summary  -3.1 (2.4) -2.9 (1.7) -3.0 (1.6) 
Physical measures, mean diff. (SE)       
FES-I    4.5 (2.6) -0.5 (1.8) -1.1 (1.7) 
Sit to stand  -0.8 (0.9)  0.9 (0.6)  1.4* (0.6) 
4-meter walk test m/sec  -0.06 (0.05)  0.02 (0.03)  0.01 (0.03) 
Berg Balance Scale  -0.4 (1.9)  3.3** (1.3)  4.3*** (1.1) 
* p<0.05, ** p<.01, *** p<0.001  
Discussion  
Results from this study showed that a falls prevention exercise programme can improve physical 
HRQOL in addition to balance in home care recipients. The controls also improved on most outcomes 
dampening the net effect of the intervention. Improvements in controls have been shown previously 
[10], and participating in a research study and receiving test visits may explain these results. Per 
protocol analyses showed that those who performed exercises as prescribed seem to improve 
significantly in all domains of SF-36, as well as balance and lower extremity strength. Not being able 
to perform the intervention, was associated with a decline in mental HRQOL and reduced positive 
effects to other outcomes.    
This study adds to previous research suggesting that exercise can be beneficial in the population of 
older home care recipients. Positive results of exercise on QOL, ADL and walking time have been 
found in this group following multifactorial interventions [10, 11]. However, the effect of exercise as 
a single intervention on HRQOL is not known in this group. In this study, participants in the 
intervention group improved their physical HRQOL. The improvement on PCS ranged from 4.0 in the 
ITT analysis to 6.3 in the propensity-score matching. These results are of clinical relevance. On BBS, 
an improvement of 2.4 in the ITT analysis and 4.3 in the propensity-score matching might not be 
sufficient to achieve a true change [24]. The pragmatic intervention of three months might be too 
short, and stronger effects could potentially be expected with a longer duration [12]. Nonetheless, 
maintaining physical function and reducing decline is vital in this vulnerable group of older adults 
[25]. Even though the subjects were frail, 73.5% managed to complete the falls prevention exercise 
programme as prescribed. 
On the primary outcome HRQOL, the sample had generally low scores at baseline, compared to a 
normative sample of older adults aged 70-80 [26]. Their physical function was poor, with an average 
preferable walking speed of 0.62 m/s, close to the cut off at 0.6 m/s [27]. They also had impaired 
balance, with an average sum score of 39.1 on BBS [28]. Moreover, the sample reported a high level 
of concern about falls, measured by FES-I, with an average of 30.7 [22]. These factors increase the 
risk for future falls [4]. Targeting this vulnerable group of older adults in falls prevention is, thus, of 
importance in order to maintain their independence and HRQOL.    
Interestingly, in the ITT analysis, MH declined in the intervention group. The per protocol analyses 
revealed that this result can be explained by their ability to accomplish the exercise programme.  
Hospitalisation, sudden disease or loss of spouse made it challenging or impossible for several 
participants to complete the intervention. Not being able to improve in the exercise programme as 
expected may have negatively impacted mental HRQOL. Another interesting finding is that falls 
efficacy was not impacted by the programme. This is in contrary to previous literature, where home-
based exercise reduced fear of falling in community-dwelling older adults [29]. However, the sample 
in the present study was frailer, and more follow-up specifically directed on their fear of falling could 
be necessary to improve their falls efficacy. From previous studies falls efficacy has shown to be an 
important predictor of HRQOL [30]. The lack of effect on falls efficacy might explain why HRQOL did 
not improve to a larger degree. This should be explored more systematically in future research.  
This study has a pragmatic design with local physiotherapists conducting a feasible intervention in 
the participants’ homes. Such an approach has both strengths and limitations. Generalisability to a 
clinical setting improves. Well-known measurement tools were employed, but some were self-
reported introducing additional uncertainty. Recruitment from home-care service registers was 
active and outreaching, and drop-outs were few. This could have limited selection bias and increased 
the representativeness by providing a clinical relevant sample. The sample had a large percentage of 
women and the mean age was high, which is typical in the population of home care recipients. On 
the other hand, due to the high age and level of frailty, this sample was more heterogeneous and 
medically unstable. Different subgroups of home care recipients could benefit differently from the 
falls intervention, which could not be tested in this limited sample. Future research could narrow the 
inclusion criteria or increase the sample size substantially to allow for systematic subgroup analyses.  
 
Conclusion 
A falls prevention exercise programme based on OEP improved physical HRQOL and balance in older 
adults receiving home care. For those managing to complete the exercise programme as prescribed, 
this effect seems to be greater. For those not managing to complete the programme, a negative 
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Appendix 1: Flow Diagram 
  
Enrolment 
Assessed for eligibility (n=865) 
Excluded (n=545) 
 Did not experience a fall (n=527) 
 Declined to receive an invitation letter 
(n=18) 
 
 Invitation letter (n=320) 
Declined to participate (n=153) 
 
 Baseline test (n=167) 
Excluded (n=12) 
 MMSE score < 23 (n=10) 
 Ill-health (n=2) 
 
 Randomised (n=155) 
Allocated to intervention group (n=77) 
 Received allocated intervention (n=76) 
 Did not receive allocated intervention (n=1) 





Allocated to control group (n=78) 
Allocation 
Lost to 3-months follow-up (n=7)  
 Declined to participate (n=1) 
 Ill-health (n=4) 







Lost to 3-months follow-up (n=9) 
 Declined to participate (n=4) 
 Death (n=2) 
 Ill-health (n=3) 
3-months follow-up 







Analysed according to ITT (n=78) 
Analysis 
Appendix 2:  Mediation analysis – Berg Balance Scale 
Linear mixed model regressions measuring the change from baseline to follow-up. The models for 
BBS and PCS in the first two columns are identical to those fitted in the ITT analysis (Table 2). The last 
regression on PCS also includes BBS as an additional explanatory variable. Missing values were 
substituted using multiple imputation. Standard errors (SE) in parentheses. 
 














Bergs Balance Scale    0.3*** 
(0.1) 
* p<0.05, ** p<.01, *** p<0.001 
The results show that compared to the control group, the intervention group had significantly 
improved BBS scores (2.4, p=0.047). Including BBS in the regression of PCS decreases also the 
coefficient on the intervention indicator from 4.0 to 3.4. The coefficient on BBS is 0.3 and statistically 
significant (p<0.001). This confirms that BSB mediated some of the intervention effect on PCS. 
